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SECTION 29, DESIGNS OF MARINE COMPRESSOR DIESELS

There is at the present time a relatively small number of
ships powered by compressor Diesels. The type of Diesel to be
found aboard such ships is almost invariably the four-cylinder
unit produced at the Kolomna Plant during the period from 1911
to 1916, The bulk of the engines-used on the passenger ship
line Gor'kly~Astrakhen' are of the 25 Oktyabr!' type or of types,
very similar to it, employed on old refrigerator, freighte

passenger vessels and tugboats,

Passenger vessel engines of the 25 Oktyabr' type, in-
stalled aboard ships in pairs, are of the six cylinder, four
stroke compressor Diesel type which develop an effective power
of 600 horsepower at a speed of 240 rpm, The diameter of each
of the cylinders is 410 millimeters, while the piston stroke is
560 millimeters, A cross section of such an engine is shown in

Figure 158,

The engine is provided with a common casing (1) in the form
of a crankcase resting on the bedplate (2) with a semi-cireular
bottoms The intake and exhaust valves are fitted with a device
that enables them to open pneumatically for reversing. This
device is discussed in Section 20 (see Figure 11L)s In order to
reverse it is necessary to shift the circular cams of the forward

_and reverse run, these cams being mounted on special intariediate

Sleeves which are located on the camshaft (5). The camshaft, again,

-~

is lodged in the bearings of the brackets. whieh are céupled with

the cylinders. An injector is also to be found in the cylinder

head with a lamellated nozzle along with a starting valve (7), as
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shown in the cross section,

The engine piston which is not cooled is provided with a
separate head (8) connected to the jacket (9) by pins. The
connecting rod is of customary design. The crankshaft has re-
cesses bored in it and is provided with diagonal channels for

the feeding of oil undex pressures

The engine has a three stage alr compressore Each
eylinder piston of this compressor is actuated by means of
connecting rods (10) and a rocking lever (11) from the piston
rod (3) of the adjoining operating cylinder. Two piston pumps
which feed cooling water are similarly actuated by connecting
rods and rocking levers. The cooling water first enters the
area of the cylinders outside of the jackets and from there it
is introduced into the cooling spaces (12) of the cylinder heade
The area of the compressor cylinders beyond the jackets is cone
nected by a duct (13) with the outer area of the operating
cylinderse Openings are provided for the purpose of cleaning

the surfaces that are being coolad,

In addition to the cooling of the housing the exhaust
valve head is also cooled through the hollow rod into which

is inserted a tube.for the feeding of waters

The lubrication of the assembly is effected by circulations

The working cylinders of the engine and of the compressor have

forced lubrication. For the purpose of water cooling, should
they become heated, the bedplate bearings are provided with re=-

cesses. The control post of the engine is situated on the level
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of the camshafte. For purposes of starting, the cylinders are
divided into two groups. At the outset, when started, both
groups function on compressed airs Then one group of three
cylinders is switched to fuel while the other group continues

to function by compressed air, Only when continuous sparking
sets in in the first group of cylinders is the second group also

shifted to fuel oil,

The engines under consideration proﬁed dependable and
durable in service., However, there are a number of short-
comings as regards the spraying of the compressed air, as has
already been pointed out in Section 1l, Compressor Diesels
are always less economical and heavier than those without com-
pressors. For this reason, it may prove worthwhile to modernize
the Diesel by resorting to spraying\by means of pumps in those
instances where the compressor Diesel is in good mechanical con=

ditione

The conversion of a compressor Diesel to a non-compressor

type entails first of all the replacement of its fuel apparatus,

In this case it is to the greatest advantage to replace the old

fuel pumps with new ones which are provided with gas plungers.

The injectors are, as a rule, replaced with sealed type injectors
that are most adaptable to the Diesels of the non-compressor typee
High powered compressors which, owing to their capacity, have be-
come superfluous, should be removed and other compressors of a

much lower capacity, and powered by the electric motor, should be

installed for the purpose of pumping air into the starting cylinders.

The adoption of a fuelling mechanism with a gas plunger is apt to
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lead to conglderable simplification of the Diesel control posto
Such a conversion of compressor Diesels into non—compressor units

has been carried out successfully on & number of Diesel-propelled

ships of our ocean~going fleet and the results proved to be of a

positive natures
SEGTION 30, TYPES OF SLOW SPEED NON=COMPRESSOR DIESELS

Both the main and auxiliary engines of our river fleet
employ a series of four and two stroke, non Compressor Diesels
of the slow speed type. The vast bulk of these engines is pro-
duced in our own domestic plants. As 2 rule, the effective out~
put of engines of this type does not exceed 600 horsepower (there
are only:a few engines developing 700 horsepower)e ALl the higher
powered engines are of the four stroke types The two stroke

engines do not exceed 210 effective horsepowers

A major portion of the four stroke, non=-conpressor Diesels
to be found on river craft comes from the following plants: the
Sormovo, Kolomna and Dvigatel' Revolyutsii Plant. These are all
engines of the same desi.gne The six cylinder engines of the

following mekes are exclusively employed as main engines:

29
6 chr L3 (plant symbol 6uBK-L3) produced by the Sormovo Plant;

3.5
6 ChR ~B0  (plant symbol 30 GRS=-6) of the Kolomna Plant, and the

DRS-L00 of the Dvigatel! Revolyutsii Plant

12,5 (plant symbol 60-GRS-6) produced by ‘the Kolomna Plante
_ .= 6 CHR 60 -

e
-

The six xylinder engines of the 6 ChR mQﬁéhﬁeVelop an ef=-

fective output of 280 to 350 horsepower depending on the number
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of revolutdons which may vary from 280 to 350 rpme Engines of

this type are installed on a number of passenger ships, on a serles
of power driven barges and other river craft. Similer engines,
only with a different number of cylinders (3 and L) of the non re=-
versing type are frequently encountered among the electric plants

of repalr docks.

The transverse section of the 6 ChR 29 engine appears in

Figure 159, The diameter of the engine cylinders is 29 centi-
meters while the piston strokes are L3 centimeters. AlL the
principal immovable parts are of cast iron. The vedpla te,
crankcase and cylinder banks are coupled by means of anchor
bolts. The begplate is a solid casting, That is true also of
the housings. The engine bed bearing bushes are of steel with
babitt linings. Three cylinders are cast into one bank. The
cylinder liners are detachable and of cast iron. Each of the
cylinders has an individual heads Lodged in the cylinder head

are the injector intake, exhaust starting, and safety valves.

The crankshaft of the engine is seamless forged. The
connecting rod is of steel, of circular section, bored, with a
detachable lower head and lined with babitt. A bronze bushing

is pressed into the upper head of the connecting rod, and forms

a bearing. The piston is of cast iron, without cooling. It is

provided with five sealing rings and two oll scrapers.

The camshaft is actuated by the crankshaft by cylindrical
gears placed on the stern side of the engine. It is here also

that we find the centiifugal governor which is connected with the
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crankshaft by means of a spur and bevel gear.

There is a separate fuel pump for each of the cylinders,
actuated by the cam plates found on the camshaft. TIts operation
has already been discussed in Section 17+ The speed of the en-

gine can be regulated within the range of 90 and 370 rpm. The

open type injector has also been anal&zad in Section 16 (see

Figure 87)s The engine is equipped with injection pumps, and

the fuel is fed under a pressure of 300 atmosphere, M-3 motor
0il is used as fuel. The rated consumption of the fuel is 180

grams per horsepower-hour (with a 5 percent allowance).

A1l the working parts of the engine are lubricated through
circulation, whereas the cylinders are lubricated by injectione
The gear driven oil pump (see Figure 1L5) is actuated from the
crankshaft through the intermediary of spur gears. A composite
mesh filter and oil cooler are set—into the lubricating systems
The pressure of the oil in the manifold is from O¢6 to 1e0 at=
mospheres, The motor oil best suited for engine lubrication is
the M or I motor oile The rated maximum consﬁmption rate of the

0il is three grams pér horsepower per hour.

The gear driven pump, actuated by the crank on the forward
side of the crankshaft, under a pressure of 0.2 to 0.3 atmos-
pheres, is employed to feed cooling water. The cooling system

is of a circulatory type. In addition to the cooling water pump,

the engine is also provided with a bilge pump of an identical types
The maximum consumption of cooling water at a variable temperature

of 20 degrees Centigrade is 26 litres per 1 horsepower per hour.
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The engine 18 started by means of compressed alr under &
pressure of 30 atmospherssSe The minimum starting air pressure
ig 15 atmospheres. The engine is reversed by shifting the cam=
shaft, The reversing mechanism has already been described in the
foregoing (See Figure 116). The céntrol post is situated on the
forward side of the enginee Al the control post is to be found

the starting lever, the hand wheel regulating the fuel supply

and the reversing flywheel which is manually operateds

The 6 ChR 3.5 engines have & very similar designe They

50
are employed as main engines on & great, many freight~passenger
river craft, on Diesel propelled freighters and Diesel propelled
tugboats of the Astrakhan roadsted. These Diesels are also six
cylinder units developing an effective power of LOO horsepower
at a rate of 24O rpm. The cylinder diameter is 3.5 centimeters

while the piston stroke is 50 centimeters.

A cross section of the 6 ChR 34,5 appears in Figure 160,
' 50

In contrast to the previous LOO horsepower engine, these have a
crankcase made up of cast iron uprights with intervening steel
plates. The bushings of the bedpkke bearings are of cast irone
The connecting rod top and bearing is composed of & steel bushing,
1lined with babbitt. The fuel pumps are of identical designs as
those of the preceding enginess The centrifugal governor which

is driven by the camshaft, functions as a limiting controly ale=-

though it is possible to vary the rate of speed from 100 to 250

rpm by using the manual controle The open injector has five bores,

0.5 millimeters in diametere. The fuel oil is forced under a
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pressure of 250 to 300 atmospherese M~3 motor oil may be used for

fuel. The rated fuel consumption is 185 grams per effective horse-

power hourse

Iubricating oll for the moving parts is applied by circu=

lation; that for the cylinders by injection. The oil pump is

gear driven and of the same design as that of the 6 ChR E% .

Type T of oil should be employed for the lubrication of the engines
The guaranteed consumption of this oil is 5.5 grams per horsepower
hour., The pressure in the oil manifold while the engine is in

operation should be maintained at 1.0 to 2,0 atmospherese

This engine has a cooling water circulating system, Two
gear driven pumps are mounted on the engine for the purpose of
feeding water. There is also a bilge pumpe The cooling water
consumption is 23 litres per 1 horsepower hour and the
temperature difference between the intake and discharge water is

30 degrees Centigrades

Compressed air at 30 atmospheres is applied for the starting
of the engine, Minimum pressure of the starting air is 15 atmos-
pheres., A two-stage compressor on the forward side of the engine
serves to feed compressed air into the starting cylinders. This
compressor is set in motion by the additional crank of the crank=
shafte Much the same type of mechanism as distinguishes the 6
ChR 29 is employed for reversing, except that in this instance

an air and oil servomotor is employed, as shown in Figure 117,

Special slotted openings in. the cylinder heads are provided

for the insertion of indicators. A lever device, which can be seen
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on the cross section of the engine, 18 employed to actuate the in=

dicators.

The & CHR 42,5 type engines which develop an effective out=
60

put of 600 horsepower at 187 rpm, are of the identical design ex-
cept for the dimensions, The engine has six cylinders with a ai~
ameter of L2,5 centimeters and a 60 centimeter piston stroke.
Notwithstanding the fact that the output per cilinder is 100 horse=
power, the pistons are not air or oil cooled, so that it was
possible to preserve a simple engine design. 6 ChR ngg engines
are installed aboard the tugboats of the Volgotanker siemuship

line.

The three types of engines considered above proved reliable
over an extended period of service., The use of open injectors
mist be regarded as the principal shortcoming of these enginess
Moreover, they are comparatively heavye Thus, for instance, in
the case of the 6 ChR %2 type Diesel, the'weight comes to 50
kilograms per horsepoweg for the 6 ChR H%;ﬁ o It must be con-
ceded that from a modern point of view, tgis weight is excessives

On the tugboats and freighters now under construction by
the Krasnoye Sormovo Plant 18~D type engines are being installed,
these engines being produced by the Kolomna Plant. An engine of
this type is shown in cross section in Figure 161, The 18-D is
a six cylinder, four stroke, non Compressor, reversing type
Diesel developing 300 horsepowere The cylinder diameter ié 300
centimete;s and the p;iﬁon ;troke ;s 38 cent;mgters. The engine

rate of speed is 300 rpm which gives it a mean piston speed of
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3,8 meters per seconde (Bngines with a rate of speed of LOO rpm

and developing an output of 1,00 horsepower are also belng pro-

duced.]

The cylinders of this engine are qeated on a single bank

(1) into which are fitted the liners (2). Two intake and ‘two
exhaust valves are mounted in the nead of each of the cylinders
(3). The pistons (ly) are of cast jron and each have five packing
rings and thres oil scrapers. The comnecting rod (5) is of omne
piece with the upper part of the big end bearing. The crankshaft
(6) is seamless forgeds The camshaft (7) is driven by the crank-
shaft with the aid of a gear drive, The valves are actuated by

the cam plates and rollers through push rods (8) and levers (9)s

The fuel pumps (10) are placed above the camshafte

The fuel for the engine is sprayed by a pump which delivers
it to closed injectors under pressure of 180 to 220 atmospheres
the instant the needle is opene In the fuel pumps proper the
pressure develops to as high as 500 to 550 atmospheress The
fuel is delivered vo ‘the fuel pumps with the aid of auxiliary
pumps under 2 pressure of 0.9 atmospherese To reverse, the cam=

shaft is shifted by means of a pneumatic servomotore

Among the néw additions in the fleet the one engine of
foreign make that deserves special mention is the Diesel manu-
factured by the firm of Klockner, Humboldt and Deitz. To take

one example of this type of Diesel let us examine the 1450 horse=-

power 100 rpm six cylinder engine. The diameter of this engine's -

cylinders is 320 millimeters, and the piston stroke is L50 milli-

meterse




e
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A cross section of this engine is shown in Figure 162,
One of its special features is its ability to function not only
on liquid fuel but also on generator gas with an adnixture of a
1iquld fuele The jackets of all the six cylinders and the crank=
case type housing constitute a single block iron casting, The
bedplate (1) is also of cast iron and is secured to the base
formed out of elements of the bilge assembly, The casing (2)
is provided with rectangular hatches which are equipped with
covers (3). The object of these is to facilitate access to the
moving parts and to the housing bearings. The dismountable
liners of the cylinders (L), have rubber packing rings (5) at
the lower end.’ The cast iron piston (6) is provided with six
packing rings and one scraper ring. The connecting rod (7) has
a bored channel (8) by which the oil from the big end bearing
enters the top end bearing composed of a one piece bronze bush-
ing. The.upper half of the big end bsaring is integral with the

stem of the connecting rod.

Tn the head of the cylinders is to be found the intake

valve (9), the starting valve (10), the exhaust valve, the

safety valve and the injector. On one sidé of the cylinder

heads is the air receiver tank (11l); not only air but also gas,
is delivered through the channel (21) on the other side is lo=
cated the discharge tank (12) which has a double wall to make
possible water cqoling. The camshaft‘(lB) is actuated by the
orankshaft with the aid of a gear drive. The tappets (1L) of
the intake valves set the valves in motion with the aid of inter-
mediate levers (15) which make it possible to alter the stroke of

the valve in order to regulate the gas consumption. The stroke

s e RS S S BT
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of the valve is modified by means of lever (16), by turning the

small sheft (22), The shaft (17) serves to sel in motion the fuel

pumps of which there are two for each cylinder (a separate low

discharge pump is employed when the engine runs on gas),

A pipe for the supply of cooling water (18), an oil tank

(19) and an oil cooler (20) are located on the side of the exhaust

valve. On the forward side of the engine there is a two-stage aip

compressor for the supply of air to the Starting receivers, a coolw

ing water pump and a bilge pump, all of these actuated by the

crankshaft of the engine,

The engine is reversed by shifting the camshaft with the

aid of an air and oil servomotor the construction pri.

nciple of é
which is very similar to the design discussed in Section 20 (see
Figures 116 and 117), ‘The engine control post is located to the
side of and alongside the receiver, Here too the centrifugal

governor is located,

The engine is cooled W means of a circulating system, The

cooling water supply can be regulated for each individual cylinder,

The discharge water temperature permissible where the salt content

is low, is up to 70 degrees Centigrade, Where, however, the salt

content is higher, the temperature of the water at the discharge

end should not exceed 50 degrees Centigrade, Zinc plates for the

protection of the cylinder walls against'corrosion, are located,

around the cylinder Jackets,

The bedpkte, big and small end bearings are lubricated by

means of a circulating system, Issuing from the bearings the oil
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collects Ln the bedplte having previously passed through a filter
that removes large impure particles. Two gear driven pumps are
employed for the purpose of oil circulation, One of these pumps
tpansfers the oll from the bedplate Lo a special tank from which
it is picked up by the other pump and again forced through the
£ilters and oll cooler inbo the bearings., A manual pump is used
for the delivery of oil before the engine is started, GCrade 2
motor oil can be used for the lubricant circulation systems The
oil temperature in the bedplate of the engine should not exceed

60 degrees Centigrade,

A lubricator serves to lubricate the engine and compressor
cylinders, the fuel pump and of the governor. Type T motor oil

should be used for this purpose.

As Tor fuel for the engines under consideration, Diesel
oil or solar oil should be used, inasmuch as the viscosity of the
fuel at 20 degrees Centigrade should not exceed 20 degrees L, Where
the fuel employed is of a higher viscosity, it is absolutely neces=-

sary to have it preheated and purified with the aid of a separator.

As the first example of a two stroke non compressor marine

Diesel of medium power we shall take the engine produced by the

Russkiy Dizel Plant, namely the L DR g%, a cross section of which
3

is furnished in Figure 163, It is a four cylinder engine, de -
veloping an effective power of oli0 horsepower at 375 rpm. The
cylinders have a diameter of 2l centimeters, and the piston stroke

is 38 centimeters.

The cylinder bank and the crankcase constitute a single
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block iron casting, The bedplate is also a solid unit, seamless
forged iron casuing. The cylinder liners are dismountable, iron
cast, wlth exhaust and scavenging ports, In the cylinder head is
to be found the injector, the starting valve, a valve for the
separation of the gas used to fill the starting tanks, and the

safety valve.

The crankshaft is seamless forged, The connecting rods
are of steel, round, bored through and with detechable lower head,
The piston is of cast iron, seamless forged with six packing rings

and three oil scraper rings.

The lower end of the piston is shaped to enable it to take

up the flow of the oil, The piston groove is filled with oile

The scavenging system is of the type produced by the
Russkiy Dizel Plant, The blow-off valves are automatic and
lamellated. The scavenging air pregsure is 1,18 atmospheres.
The gear driven, double acting scavenglng pump is actuated by a

crank located on the free end of the crankshaft,

The camshaft is set in motion by the crankshaft by means
of spur gears. A double set (forward and reverse) of cam plates
for the fuel pumps and starting gas distributors, are to be found
on the camshaft, Each one of the cylinders has a separate fuel

pump, A turn of the plunger regulates the fuel delivefy;"Thé"'“

rate of speed of the engine can be controlled within a range of

" . - . -
iy e e

from 175 to 375 rpim, A special gear-driven awxdiliary pump de-

livers the fuel to the fuel pumps. A combined and slotted filter
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15 bullt into the delivery line of this awsillary PWwmp. Before rea=
ching the injector the fuel also goes through a high pressure slot-
ted filters The engine employs forced injection under & pressure of
200 atmospheres. The injectors are of the closed type. Solar oil
is uged for fuel, 7The rated fuel congumption is 190 grams @ T

effective horsepower hour.

Tubricators are employed for oiling the cylinders. A cir-
culating system serves to lubricate all the other working elements
of the engine. The oil pump is gear driven and is mounted in a
common housing with the gear pump which serves to supply cooling
water. A combined mesh filter and an 0il cooler are located in
the lubricating system, The pressure of the oil past the filter
varies from 2.0 to 2.5 atmospheres. Type T motor 0il should be
used for lubrication, The rated oil consumption of‘the circulating

system 18 2,75 grams per effective horsepower hour.

The engine 18 cooled with the aid of a circulating system
under a delivery manifold pressure of 0.5 atmospheres. The bilge
pump which is of the same type as the cooling water pump is also
actuated by the engine. Allowing for a temperature differential
of 20 degrees Cenbigrade as between the intake and the discharge
water, the water consumption is abt the rate of LO litres per

horsepower RoUr.

The engine is started by the exhaust gases of the two

cylinderse The maximum pressure of the starting gas is BQ‘aﬁmgs~»

pheres while the minimum pressure under which the engine starts is
15 atmospheres. The starting valves are pneumatically operated. A

shift of the camshaft reverses the engine. The reversing gear is
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menually operated. The conbtrol post 18 located on the side of the
camshaft, The starting lever, the‘reversing Tlywheel and the hand

wheel are alLso located at the conbrol post,

The 8D 19, two cycle, non compressor Diesel produced by The
Voronezh Flant {meni Stalin and by the Sormovo Plant, is in wide
use on vessels of the river fleet, The 8D Lg type engines are
adopted as main engines on a rather large number of moborships and
suburban launches, and also as auxiliary engines on several mobor-
ghips, Those employed as auxiliaries are generally two cylinder
units, developing 70 effective horsepower while the main engines

nave for the most part four cylinders and develop LLO horsepower.
AL SD 19 engines operate at L30 rpm. The cylinder diameter of
‘the Latier engines is 19 centimeters while the piston stroke is 32
centimeters, Most of the main ennlncs employed ar

e of the non-re-

versing type and are provided with a reversing and release c¢lutch.
There is also a reversing nodel of the SD 19 engine, with six

32
cylinders, which develops an effective output of 210 horsepower.

A cross section of the 8D 19 type engine (reversing model)

32
is furnished in Figure 16L., All the cylinder J

ackets along wibh

the crankcase constitute a single casting., The cast iron dis=
g

mountable liners are provided with scavenging and exhaust parts.

TR RS

Each of the cylinders has a separate bead which comprises a pre-

R e

combustion chamber (since the engine is designed for precombustion

spraying) with an injector, a starting valve and a valve for the

separation of the gas.

The piston end is convex and has five packing rings and two
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oll scraper rings, The comecling rod is round with a groove for
the delivery of the lubricating oil to the top end bearing, The
lower end bgaring is removable, The rotary scavenging pump (see
Pigures 132 and 133) is mounted on the flywheel casing and is
actuated by the crankshaft with the aid of spur gears, The

scavenging air pressure is 1,13 to 1,15 atmospheres,

The camshaft of the non~-reversible engines is mounted per=
pendicular Lo the axis of the crankshaft and is driven by the
latter through the intermediary of helical gears, The cam plates
of the fuel pumps and those of the starting distributor are lo-
cated on the camshaft, Moreover, the shaft is located on the
opposite side of the flywheel, In the case of the reversing
engines, the camshaft is mounted parallel to the crankshaft and
is driven by the latter with the aid of spur gears. A double set
of cam plates of the fuel pump is to be found on the camshaft,

Tn addition, a double set of cam plates of the starting distributor
is mounted on a special small shaft which is coupled to the cam~

shaft,

The fuel pumps with needle valve controls (Section 17)
are mounted on the control post., On units which serve as main
engines, the rate of speed can be varied from 280 to 3LO rpm,

The centrifugal governors of engines designed to be powered by

dynamos meke possible the maintenance of a uniform rate of speed,

with an allowance of 5 percent, The fuel injection pressure is
100 to 120 atmospheres, The injectors employed are of the closed
type. The engine can be fed with M-3 motor oil. The rated fuel

consumption is 195 grams per horsepower hour, with an allowance of

10 percent.
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The liners are spray lubricated while the other working parts
are lubricated by a circulating system. The oil pump is gear driven
and is actuated by the crankshaft with the aid of gear wheels., A
mesh filter and an oil cooler are provided for the oil system. The
oil pressure past the filter is 1.7 to 2 atmospheres, Type M motor
oil is recommended for lubrication, The rated oil consumption for

the latter is 9 grams per horsepower=hour,

The engine is equipped with a circulating system for cooling.
The cooling water is delivered under a pressure of 0.5 atmospheres
with the aid of a gear driven pump, The cooling water consumption
is 20 litres per horsepower hour, the differential between the tem~
peratures of the intake and outlet water being LO degrees Centigrade.
The engine has a bilge pump of the same type as the cooling water

pump (that is, only for main engines).

The engine is started with the aid of the exhaust gases
the pressure of which is up to 30 atmospheres. Minimunm engine
starting gas pressure is 15 atmospheres., Igniters are used to
facilitate starting a cold engine, The engine is reversed by
altering the position of the cam plates of the fuel pumps and those
of the starting gas distributor.

The incomparably high dependability in service of the SD 19
32

type engines, which in this respect are superior to many imported
engines of similar design, should be noted here, The shortcoming
of the SD 19 consists in the tendency to accumulate carbon deposits

32

in the exhaust pipes owing to imperfect combustion, The accumlated

carbon is apt to ignite periodically and the exhaust pipes may grow
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hot to a point ab which they constitute a fire hazard, For this

reason special care nmust be teken to naintain the fuel system in

a state of good repalr, not permitting imperfect fuel combustion.
Lven considering the relatively high rate of speed, the welght of
the 8D lg‘Diesel is still excessive, namely, 30 kilograms per

3z

effective horsepPOWels

Tn addition to the SD 19 type engine, one also finds ‘on
32
motorships and guburban launches ("river trolleys!) engines of
forelgn construction, such o8 Climax, Modaag-Krupp, and other

engines, The design of the latter engilnes approximates that of

the engines we have described.
SECTION 31, THE DESIGN OF HIGH SPEED NON=COMPRESSOR DIESELS

A1 slow speed marine Diesels are of heavy construction.
They are also characterized by lerge overall dimensions. The
great weight lessens the effective carrying capacity of ‘the ship,
and besides the size of the engine room is increased, The heavy
weight of slow speed engines aboard ships intended for shallow
rivers, gi§es rise to serious problems, including at times the

inebility of providing a short draught.

High speed Diesels do not suffer from the same drawback,
while in the case of low speed Diesels the weight per horsepower
(specific weight) ranges from 25 to 85 kilograms, the specific
weight of high speed Diesels is only 6 to 15 kilograms. The
oversll dimensions are also several times smaller resulting in

the reduction of engine room siz€.

The design of high speed Diesels is generally such that they

‘
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do not require direct survelllence while in service and the engine
can be controlled from the pilot house, This makes possible an

appreciable reduction in the engine crew,

To achieve an identical index of technical and cost values,
a ship powered by a high speed Diesel is able to effect the ol=
lowing economies as against one powered by a low speed Diesel:
A reduction in the hull dimensions of 1.6 times, a displacement

2,1 times smaller, construction cost 2.6 to 2,9 times lower and

operating cost 1,5 times lower, See article by Engineer S. D,

Vozdvizhenskiy and Engineer M, N. Brezhnev "The Superiority of

Motor Ships with High Speed Engines! which appeared in the peri-

odical Rechnoy Transport (River Transport), No 8, 19L7.]

The weight of the engine plant of a power driven barge
with a load capacity of 2,000 tons and a 600 horse power engine
output was 53 tons where 6 ChR %2 engines were employed, whereas
with V-2 engines aboard that ba;ge, the plant weighed only 15
tons., Moreover, high speed engines require a negligible cubic

space for the engine room,

The design of high speed Diesels has a number of distinct
features not encountered on slow speed Diesels, First of all, it
should be noted that high speed Diesels are for the most part four
sbroke engines since on account of the higher piston speed of the
two cycle engine, i,e, 7 to 1l meters per second, it is difficult
to provide for the proper removsl of the combustion products from

the cylinder and for the supply of fresh air to the latter,

In order to render easier the exhausting of the products of
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combustion in a four stroke engine and to improve the supply of fresh
alr to the cylinders, il 15 necessery te have Intake and exhaust
valves of the highest possible longitudinal section, Very frequently

high spoed engines have two intake and two exhaust valves,

The rate of speed of the high speed Diesels varies from 600
Lo 3000 rpm. Yhe necessity of reducing the inertia under these
circumstances, prompts the maximum possible reduction of the weight
of the working parts of the engine, Hence, light aluminum alloys
are frequently used as stock for the pistons, while steel alloys,
and the like are employed for the fabrication of the connecting
rods and crankshafts, owing to their greater ability to withstand

strains, etc,

High speed engines installed on river craft have a rela-
tively limited output (generally up to 300 effective horsepower)
and are nearly always designed as non reversible., The high rate
of speed, as a rule, makes it impossible to couple the engine
shaft directly to the propeller shaft, For this reason high speed
engines should be provided not only with reversing-releasing
clutches but also with a gear drive (reduction gear) by means of
which they are coupled with the propeller shaft, the rate of speed
of which is several times lower, Very frequently the reversing=
releasing clutch and the reduction gear are combined into a single

assembly known as the reverse-reduction gear,

High speed engines are always completely enclosed and have
all the systems (lubricating, cooling, etc.) of the fully autom
matic type, For this reason they do not require constant super=

vision by the engineer crew and can be controlled from the pilot
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nouse, Hence, all controls should be extended te the pilot house

i‘ and all the measuring instruments used to indicate the performance
of the engine (number of revolutions, 0il pressure, etc,) should

be located inside of it.

The earliest engine which in point of design approximated

high speed engines most closely and which was adopted for ships E

of the river fleet was a non compressor Diesel developing 75

| horsepower ab 850 rpmy it wes originally built as a tractor

Diesel by the Chelyabinskiy Tractor Plant and was known as the

Mel7. The M=-17 is a four stroke four cylinder engine with a

‘

cylinder dizmeter of 15.5 centimeters and a piston stroke of
0.5 centimeters, Since the average speed of the pistons of
this engine is 5.8 meters per second, it is not a high speed
engine in the strict sense (since according to GOST L393-L8, the
average piston speed for the latter type is upward of 6.5 meters

per second).

A cross section of the M-17 engine is shown in Figure 165,
The bank of cylinders and the crankcase (1) compose a single
casting into which are inbroduced the liners (2)., The pistons (3)
are ecach provided with five packing rings and two oil scrapers.
The piston pin is held by the top end bearing of the connecting

rod (6).

The lower end bearing of the connecting rod holds the pin ~

of the crankshaft (7) which has counterweights (8).

The head of each cylinder comprises an intake and exhaust

| velve. The camshaft (L) is actuated by the crankshaft with the
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aid of geared wheels, An all-speed centrifugal governor is lo-

cated at, the end of the camshaft, The lower end of the crankcase

Lerminates in a sump where the gear driven oll pump is located,

The precombustion chamber’(S) is located in the cylinder
head, Into the precombustion chamber enters a closed injector
into which the fuel (solar or Diesel oil) is transferred with the
aid of a fuel pump of the slide valve type under a pressure of
110 to 115 atmospheres. Copper and asbestos packing is inserted
between the cylinder head and its flange., A graduated scale (9)

in the sump serves to indicate the oil level,

The engine is started with the aid of a special gasoline
starting engine (10) coupled to the crankshaft by means of a gear
drive and a release clutch, The starting gngine, a two cylinder,
four stroke unit, develops an effective power of 18 horsepower

at 2,200 rpm.

In respect of its design the M~17 represents a transitional
stage towards the authentic high speed engine and here lies the
reason why in operation it does not give rise to certain typical
problems thalt we associate with the operation of high speed Diesels,

such as those that beset the functioning of the oil feed system.

The Herkules engine which has been adopted for some of the
new vessels of our river fleet, is a typical example of a modern
high speed Diesel., The Herkules engine is a six cylinder, four
stroke, non compressor Diesel with a swirl chamber which develops
an effective output of 150 horsepower, at 2,600 rpm, The cylinder

diameter is 107.95 millimeters (L-1/L") and the piston stroke is
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120,65 millimeters (L=3/U')e A characteristic feature of the
Kerkules engine 18 the supercharger, that is, the feeding of

the air into the cylinders during aspiration, under a boosted
pressure (1456 atmospheres), in order 1o augment the output (for

further detalls see next section).

Figure 166 shows the cross section of a Herkules engine
while a longitudinal section is furnished in Figure 167, ALl
cylinder jackets are placed in a comnon bank including also the
crankcase, and they are coupled with the bedplate (2) exially
through the crankshaft, The bank and ‘the bedplate are both iron
castings., ALl the six cylinders have a common head, LU is an
iron alloy casting, secured to the cylinder pank with the aid of
L5 pins. Lhe cylinder 1iners are not in contact with the water
since the latter washes the internal part of the cylinder bank.
At the upper end of the cylinder bank are located the swirl
chambers (5) into which the injectors (7) are introduced, The

piston is an aluminum alloy casting and is provided with three

packing rings and two oil scraper rings. The piston pin (6) is

of the floating type. The connecting rod has & double-T pro-
file. LIhe crankshaft is seanmless welded and mounted on brackets
with lead bronze bushings. The surface of the crankpins is case
hardened by a high frequency current, and is thereby made more
wear resistant. On the after side of the shaft is mounted a fly-
wheel (9) with a spur gear (10) with the aid of which it engages
with the drive of the electric starter. At the forward end of the
shaft (1L) is the muffler (8) which serves 4o absorb the rotary

vibrations of the shaft.

Dosincsitiod n Part - Sanitised Gor s iy S
rt - Sanitized Copy Approved for Release 2012/04/26 - CIA-RD#’BZ OOO39§OO‘62001200
: - 08-9




Declassified in Part - Sanitized Copy Approved for Release 2012/04/26 : CIA-RDP82-OOO9R000200120008»9

The rotary pump (11) for supercharging is actuated by the

engine shaft via wheels (12) and (LL) and by the link chain (13).

The camshafl 18 connected with the engine shaft by means of a gear
wheel, The cam plates of the intake and exhaust valves are forged

to form a single unit with the camshaft,

The engine is provided with closed injectors and slide
valve pumps, A centrifugal all~speed governor is coupled to the

pump.

The oil injection pressure is 115 atmospheres, FEither Diesel
or solar oil may be employed for fuel. The rated oil consumption

is 2L0 grams per horsepower hour,

The Herkules engine is lubricated by means of a circulating
system, Two gear driven oil pumps (in addition a separate, gear
driven pump delivers the fuel to the reverse-reduction gear) are
provided for oil circulation. The oil is purified by a twin mesh
and reduction filter which is also twin, A lamellated oil cooler
serves to cool the air. On leaving the pump the oil pressure is

3,5 atmospheres,

The engine has a sealed cooling system which has been de-
scribed in Section 27. The water pressure inside the system is
0,72 atmospheres, The pressure of the sea water is 0.LS atmos-
pheres, The consumption of overboard cooling water is 68 litres

per effective horsepower=hour,

The engine is equipped with a reverse-reduction gear, with

a reduction ratio of 2,0l to 1, A direct current, 2L volt, 250

g
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Figure 166
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iven by the engine.

watt electrile generator 18 dr

An electric starter powered by & storage battery 18 employed

to stert the engine. A burner, ignited by electric sparks serving ;

also Lo warm the air aspirated into the engine, is provided. This
device facilitates sterting. The fuel most suited for this burner 1

sene rather than pure benzene.

is a mixture of penzene and kero

he Herkules engine has the advantage of a high degree of

only to 7.86 kilograms per

compactiness and low weight which comes

effective horsepower. River boats use Herkules engines which de-

velop an outpub of 300 effective horsepower, ab 2,000 rpm,

Tn the years to come high speed Diesels of Soviet design
will be adopted on a rather wide scale for river boats, The V-2

engines must be given priority ahead of any other type.

V~2 engines are produced.with six end twelve cylinders

whose respective output 1s 150 and 300 horsepower. The twelve

eylinger V-2 engine cylinders are mounted in two banks forming ‘
!
the. letter V. The V-2 engine rate of speed is 1500 rprm. The )

ston stroke mea-

cylinder diameter is 150 millimeters and the pi

sures 180 millimeters.

Figure 168 shows a Cross section of the twelve cylinder

! V-2 engine, The two banks of cylinders form a 60 degree angle,

The cylinders are provided with cast iron, water cooled linerse

Fach of the cylinder banks has a common aluminum alloy head.

Each cylinder also comprises two intake and two exhaust valves,

an injector and a starting valve. The injector is locahed at the
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otl., Tt forms & tapered;

center and delivers seven streams of

eircular nozzle, with an angle of 140 degrees ab the vertex, Ihe

s dished with upturned edges. ine plstons

pottom of the piston 1

rings and two

are aluminum castings, provided wibth four packing

of the floating type. The

oll scrapers. Ihe piston pin 18

crankshaft is hol.lowed oul. The connecting rods of one cylinder

bank are connected to the shaft while those of the other bank are

connected, thalb 15, they are joined to the connecting rods of the

ocket joints, Lhe bear-

first cylinder banlk by means of ball and s

ings are 1ined with plumbous bronze o withstand friction. Closed

type injectors are employed and the fuel pumps are of the slide
etween the

valve type. Lhe 12 plunger fuel pump is located b

cylinders. The all-speed governor is also located here. The

rated fuel consumption is (either Diesel or solar 0il) 185 grams
per horsepower hours,

The engine is 1ubricated by circulation and has a sealed

cooling system with a thermostat and centrifugal pumps. A 2k

volt, 1 Kilowatt dynamo 18 driven by the engine. A 12 horse-

power electric sbarter or compressed air 1s used to start the

engine.

For the aluminum 21loy housing, the weight of the twelve

cylinder engine is only 2.5 kilograms per effective horsepowers

Where the housing is an iron casting, the weight of the 51%

cylinder engine comes to 6.6 kilograms per horse POWEeI.. As shown

by the index figure for weight and cost, the Soviet built engines

are superior o the American engines of the Herkules Uype.
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The engine is designed with a reversing reduction gear, 'The

reduction ratio may be either 2:1 or 3:il.

The 3D-6 high speed, non compressor Diesel with pump injec=
tion, built in the Soviet Union is of the same basic dimensions.
The 3D~6 is a six cylinder engine, developing 150 horsepower, at

1,500 rpm,

Figure 169 shows a cross section of this engine, The
cylinders are arranged in vertical order and in a single row., The
engine housing and the bedplate constitute a single aluminum casting.
The cylinder liners are of cast iron and dismountable., The pistons
are of aluminum alloy and are dished at the lower end, with up=~
turned edges. They are provided with three packing rings and two

oil scrapers,

The connecting rod is forged steel. The lower end bearings
have lead and bronze bushings, ‘he crankshaft rests on seven

frame bearings, similar equipped with lead and bronze bushings.

All cylinders have a common alwninum alloy head, There are
two intake and two exhaust valves per cylinder, and they are ac~
tuated by two camshafts (1) secured to the cylinder head, There

are also starting valves (2) actuated by air,

A slide-valve type fuel pump with an all-speed governor
is located on the left side of the engine, The pump is driven
by the air distributor shaft of the starting valves, Over it is
to be found a fuel filter, The receiving manifold (L) is also
located on this side. A special auxiliary pump serves to deliver

the fuel to the fuel pump. This special pump overcomes the re-

i
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Figure 169
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sistonce of the felt [ilter which is sbout 0.5 to 0,7 kilograms per

centimeter square, Diesel oll should be used for fuel.

The rated consumption of fuel is 190 grams per horsepower
hour. The engine is provided with closed injectors, The con-
struction of these injectors has already been described above

(see Figure 90).

A double action, gear driven pump of the fuel oil system
(5) is located on the crankcase cowling. A slotted wire mesh
filter is available for the purification of the oil, while an oil
cooler which makes use of sea water is used for cooling. The only

oil to be used for lubrication is the MK aviation oil,

The engine is provided with a closed cooling system, The
centrifugal pump sends the purified water circulating in the inner
system, The hot water which issues from the engine is collected
in a small tank from which it runs to the cooler which is cooled
by the sea water and from there it returns to the pump, The sea
water passes through the sea cock (Kingston), through the filter,

and is then delivered by the pump into the water cooler and into

the oil cooler. Thereafter the water coocls the discharge mani-

fold and drains out to sea. The reversing-reduction gear is se=
cured to the casing of the flywheel, For the forward run it has

a reduction ratio 3.07:1 and for the efter run the reduction ratio
is 2.96:1, The dynamo and the electric starter are located on the
right side of the engine. The engine can be started either with the

aid of the electric starter or by compressed air,

The overall weight of the engine, that is, taking into

account all the accessory mechanisms is 1,200 kilograms. Hence,
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the specific weight is 8 kilograms per horsepower, It is expected

that the 3D-6 engines will, in the near future, receive wide ac~

g ceptance on all types of river boats,
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